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0 PreS6nce/at>sence bar code. 

Sijh variations in scanning speed, "me cod^ ^^^^ J^SSurtng wtierein space on the chips and 
uiar centtmeter. an '-Pf^^J^S^'S'^^ invention exhibte a mm.mum 

FIG . 3B BARCODE MARKS(AU<M.INE ETCH) 
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PRESENCeABSENCE BAR CODE 



The pwesenl indention Is generally directed to bar code configursb'ons which are useful for represstnting 
alphanumeric data. More particularly, th© present invention is directed to bar code$ in which the t>ar$ e5<hibit 
uniform single width dimensions and specific periodicrty and which are coded to include a subsequence of 
timing marks to enhance readability- Even more particularty. the present invention is related to f^gh deresUy 

s bar code systems which are employable during the manufacture and processing of semiconductor wafers 
u$ed in the fabricaijon of electronic circuit chips, such as those that are produced In very large scale 
intsgrated (VLSI) ctn^uH manufacturing proce$$esl 

B9r code focite for rep«e$enting symbol data, particularly atpttanumeric symbols, are very desirable 
since they provide a mechanism for machine readability which does not depend upon optical character 

10 recogmtion (OCR) systems, tn general OCR systems tend to t>e more ermr prone than bar code systems. 
However, bar code systenr^s are nonetheiess susceptible to certain error conditions. One e)cample of tfils is 
ttie partial covering of the bar code with opaque films ot the reducing of the contrast ratio which makes it 
more difficult to dish'nguish between wide and narrow width bars. As an example. If the scanning speed in a 
bar code reader is not absolutely constant a long gap of spaces between bars is more likeiy to produce a 

76 reading error. Bar codes which have a large number of blank spaces between bars are particulariy sul:>ject 
to this Wnd of 'em)r. For example, in certain bar codes a 3% ^peed variation is sufficient to produce reading 
errors. Accordingly, rt le seen that it is desireble to be able to construct bar code systems in vMch there is 
a significant reduction in sensftivity to scanning speed variation. 

A number of bar codes entploy bars having a plurality of different widths. However, there ar& certain 

so disadvantages associated with multi^idth bar code fonts. In particUar, their density, for example as 
measured in characters per Inch, ts not as high as one could obtain in a font which only exhibited a single 
wWth bar. Furthermore, in bar code systems employing muitiple bar widths, it is necessary that the circuitry 
discern each bar's width or et least the width ratiO' between bars. Modulated bar widths also introduce 
WTTfing problems when scnT^ing Is canried out with a pulsed laser to form the image. Wide bars, tat is, bars 

25 with widths greater than the width of a laser spot yield a fewer quality bar image and require a much longer 
writing time- For this reason, modulated bar width axles also pose a greater risk of danwge to tlie wafer 
because of the increased laser radiation concentration. Furthermore, when pulsed lasers are used to wrfte 
on semiconductor wafers in dot matrix fashton, there Is a tendency for a trench to form which throws off the 
laser used for reading *e imparled signal. Thus, modulated bar wIdtJi systems tend to introduce readability 

ao problems when there is a writing quality problem, bar image degradation or low contrast such as might 
occur in the identification of semiconductor wafer serial numbers. 

Single width t^ar codes are employed but require the simultaneous use d separate Hming marks. The 
single width bar codes therefore require twice the space, plus dual readers. A typicat example of such a 
code Is found on certain envelopes as coded by the United States Postal Service. Dual readers are not only 

35 more expensive, but the code that they employ takes up more nxwn on a wafer. This room is much more 
advantageously given over to a human readable version of the code. 

While ttie present invention is generally directed to bar code readmg systems having a wWe range of 
appticabirrty to manufacturing, marketing, sorWng and idenfHicalion functions, it is particularly applicable to 
the identification of semiconductor wafers. In particular. In the manufacture of very large scale integrated 

40 circuit devices, that is. chips produced from processed wafers of matBrial such as silicon, it Is necessary to 
employ a code that can be efficientiy written and which is robust under the exigencies of processing In 
unusually harsh emrtronments. Such codes are lequired to be robust and satisfy the need for represenfing 
the full range of alphanumeric characters. A through Z and 0 through $. This set constitutes a total of 3B 
characters. However, «ie tetter "O" Is often deleted from the required set leawng a total of 3S characters 

45 which usually need to be represented and/or distinguished. Additionally, because of size consfr^'nts that 
exist m the manufacture of semiconductor devices it is very desirable that codes employed ^ibit a high 
density. Thus codes which require a separate set of timing marks are undesirable because of the space that 
the timing marks require. 

Furthermore, codes which are suitable for semteonductor chip processing generally shouW be easy to 
so wrfte on a wafer during processing and should nkewlse be easily read during wafer or chip processing- 
Furthermore, th© bar code fdnt employed shouW be such that it is able to withstand processing conditions, 
namely exposure to sometimes harsh chemicals and fi^ t^peratuie envlronm nts. Furthermore, it is 
desirable to employ codes which can be written by means of a pulsed laser. Such robust and highly reHable 
codes are desired for wafer fabrication processes to factlttate automatic wafer handfing. proces^g and 
process parOTeter identificalkjn. Furthermore, It is seen that codes that are developed for such processes 
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would also possess s wide range of appllcsbilit/ in oXhBr arens in which bar codes Ets ptss^rt!'/ implcyod. 

In accordance wilh a preferred err»bodiment Of the preserrt inventioo a method for marking a substrate 
with a bar code comprises the step of providmg a sequence of uniform width marks at selectively cpacEd 
intervals Each of the marks possesses substantially the same width, with blank Intervals between the 

5 marks The blank intervals have a width which is substantially equal to an integral multiple of a $ecor>d 
width wKch represents the width of a single blank space. Nonetheless, the method of the present m*/entIon 
employs a single wid* bar. Furthermore. ir» accordance with the present invention, the sequfence of marks 
is such that ft includes a subsequence which is spaced apart from adjacent marks in the subsequence by a 
fixed cBstance. This prwides a means for flmlng recovery andftir timing compensation. In accordance wrth a 

to particuter embcMfinenl of the present invention each characler or symbol is represented by a sequence of 
12 maiks and^or spaces. TTiis permte the representaBon of up Id 35 or 36 different symbols whicliis 
sufficient for atohanumerfc representaiion. Furthermore, the present invention preferably employs bar codes 
In which the marks are spaced to represent a number of different symbols in such a way that lire larg^ 
dJstance between adjacent bai« for dffferent symbols te a minimum. In a preferred embodiment of 

rs applicants' invenflon this minimum distance is liwe bar widths. This latter feature of the inventton reduces 
Ihe occurrence of sequences of symbols in which weds gaps having no bars ere produced. AdditonaMy^e 
present invention- is also directed to a substrate marked in accotdance wfth the method descrfcad above 
and includes substrates having "such identification marks thereon. 

Accordingly, it is an object of the present invention to provide a high density bar code system, as 

30 measured for exampts in tenns of characters per centimeter. ^. , 

K is also an object of the present invention to provide a high density bar code yi^ich is particularly 
suitable fbr use In the idenlification of wafers and/or chips in semtconductor manufacturing processes- 

It is yet another objact of the present Invention to devise a angle width, self clocking bar code which is 

both robust and reliable. , . , . u— 

26 It is a still further object of the piesew invention to provide bar codes which are employable ha«h 

environments and which can be t«adily writJsn on materials employed In semiconductor manufacture 

generally and In particular on materials such as silicon. . 

It Is stni another object of the present invention to provide bar code systems which exhtot smgte w.dth 

bars and yet ana self clocking. , . 

30 It 13 also an object of the preserrt invention to provide a bar code which exhibrts a minimum distance 

value from amongst all of Ihe largest distances between adjacent bars fn sequenc^of '|[««'«;« /J^^ 
It is a still further object of the present invention to provide a bar code system which » rapaoie <» 

representing up to 35 or 36 different symbols, such as the 36 alphanumeric symbols A through Z and 0 

55 """^ J. but not llmHed hereto. It is an object of tfie present invention to provide an easily read and easily 
written bar code having universe applicability to product fdenJifitetfon. ^ ^i^h 

Ways of carnring out Ihe invention are described in detail below with reference to drawings which 
illustrate only specific embodiments in which: _ 

Fig 1 illustrates a bar code system which is prefenred in the present mvennon: 
40 Fig! 2A is an Illustration of two single virldth bar codes with built-in timing marks, in accordance with 

the present InvanGon; . ^ . _i, 

Rg, 2B is sn illustrafion of three single width bar codes without built-m timing mants; 
Rg 3A is a planar view of ackl etched bar code marits on a semiconductor substrate: 
Rfl 3B is a view similar to Fig. SA accept lllustrafing the utilization of an alkaline etch; 

4S Fig! 4A is an iHustraiion of a system which is capable of reading codes produced in acconJance with 

the present invenGon; . 

Rg. 4B is an fflustration of signals produced in accordance with the present Irwention by means of 

the bar cod© reading system illustrated in Fig. 4A. 

Ra 1 Illustrates a preferred embodiment of the present invention, in particular. Rg. 1 illustrates a 

so presence/absence single width bar code which is capable of representing the numeric diglte 0 through 9 
SidT Sabelic characteni A through Z (Without the character "O"). Thfe P«^«"r "=«?!,'''.^^ 
seen to be able to mpmsent 35 distinct symbols. The flattened l^shaped channel marie a *e bottom of 
each of the bar code symbols Is shown only for convenience to point out the fixed di^tencethat each sat of 
bar code symbols occupies. In particular. It Is to be noted that eac*i code symljol character oa:uF«es the 

5S same h rtzontal distance and is mad up of 8 plurality of single width vertical bars and correspondingly 
sized spaces between these bars. Furtheimore. when compounded together in a sequence of alphanumei^ 
Characters. K is seen that the fi«i bar in each code forms part of a subsequence of bars which « capable of 
pmvWing timing infomiation- Other aspects of th^ bar code shown in Rg. 1. and designated herein as 
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BCoi2, ace mare pwlicubrtv discutsisad bt lo-, in corr-pLiii^on uith oihtr sirg!f_: vvI-Jtl. co6^z. 

tn particular, corusideration is now <^itecte{i to Rg.s 2A and 2B which illustrate a v^rie^/ of single v/rdth 
ber code^ including code BC4I2 discussed above- In panlcolar, Rg.i; ,'?A and 2B illustrate the piGs-t^ooe of a 
bar in Ihe cod© in the form .of the letter "1". Spaces or absences of bars are ilfu^trated by hyphens, In 

5 particular, it is noted that code BC412 shown in Fig. 2A alv/ays begins wtth a ""I-" sequence. In thi$ case, 
these two code symboJs constitute two elements of a subsequance which is repeated in any concatenation 
of bar cod© symbols- In code BC412 it Is seen thai the totaJ nunrtber of code eJements is 12 so as to make 
this particular code one which is of 1ii«ed tength. Fufthe«TrK>re, amongst these 12 slots (elenrients) where bars 
could be present or absent there are always a total of 4 bars per alphanumeric character, a fact wWch is 

10 again helpful In establishing or reestablishing timing control. Con-espondlngly. each symbol indixles a total 
of 8 spaces (bar ateences) per character symbol. Code BC412 la thus seen to be capable of representing 
35 charaders which is sufficient for most alphanumeric applrcatlona. Most Imponantiy for code BC412. the 
maximum number of spaces between bars in any concatenatsd sequence of code symbols is S. This 
means that there are no long runs of blank spaces tietween adjacent bars. This significantly Improves the 

IS readability and reliability of such bar codes. There is also a minimum of one space beiweer* bars. Therefore 
the first and last elements a bar and space^ respectively- In particular. It is seen that bar codes in which the 
maximum number of spaces between bars is a minimum Is preferred for purposes of controlling sen^tivlty 
to speed variation in the reading device. 

The reason Ibr this Is that when a reading device reads the bar/Space sequence, the device detects the 

so presence of bars, and derives the number of spaces between the bars from the scanning speed and Hme. If 
the scanning speed is not absohitety constant, a long gap of spaces between bars is more susceptible to 
the production of reading enors. An example of this is the BBC31 code, as seen in Rg. 2B, having up to 1 7 
spaces between bars. A code such as this is subject to reading errors at a mere 3% speed variation. In 
contrast however the 6C412 code, with only a maximum of 5 spaces between bars Is capable of readability 

25 even at an 8% variation In speed. This is a significant advantage for the BC412 code. 

Anotfier bar code in accordance with the present fnveneon Is nlustraled tiy the code labeled BC313 in 
Fig, 2A. For the same reasor^s given above with re^Dect to code BC412, code BC313 is also seen to 
possess timing indicia whrch are inherent In the code structure. Thus codes such as BC412 and BC313t as 
shown, do not requinj the preser>ce of a separate set of timing marks. Code BC313 however possesses or>e 

30 more element par symbol than code BC412- Nonetheless it is fully capable of representing a full 
alphanumerio character set of 36 different symbols. Code BC313 Is seen to include a total of three bars per 
character end a total of 10 spaces per character, Addrfionally, the maidmum number of spaces between 
bars is 8 which is higher than the corresponding maximum distance for code BC412. Nonetheless lioth 
codes 8C412 and BC313 represent single width bar codes with buiit-4n timing recovery subsequences- It is 

35 further seen that codes BC412 and BC313 each possess sufficient Inherent and discernible structute so as 
to readily permit their extension to codes where the number of elemeats per character represented is 
greater than twelve. 

Fig. 2B also iQustratdS several other single width bar codes namely code BC41 1 , code BBC31 and code 
BC311. While these are all illustration? of single width bar codes, it Is seen that they do not possess the 
40 desired self ctocWng feature. Furthermore, code BBC31 appears to be particularly laddng in the range of 
different gymbpis ft Is capable of representing namely 31. as opposed to 35 or 36. The attributes of the 
various codes shown in Flg^s 2A and 2B are listed below in Table I: 

TABLE! 

45 



so 





BC411 


BC412 


BBC31 


BC311 


BC313 


# of elements 


11 


12 


10 


11 


13 


0 Bars/Character 


4 


4 


1 to5 


3 


3 


^ Spaces/Character 


7 


6 


5 tod 


3 


10 


Max* # Spaces between bars 


7 


5 


17 


7 


e 


Timing Bar 


No 


Yes 


No 


fio 


Yes 


# Characters 


35 


35 


31 


38 


36 



55 

It is to iDe parficularty noted that among the four codes in Table I that have a fixed nun^er of bars, code 
6C412 has the least number for tfie maximum number of spaces between bars, that is, five spaces- This is 
a highly desirable characteristic as noted above, it is also seen that codes such as BBC31 do not even 
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possess me desirable property oi having s fixed number of hars o.' "er Kyrr,boI ohr2r?-lpr 

represer^te ^^.^^^ of the present invention is particularly applicable to the marking cJ serr^icor.di.-ctor materidls 
for identification ciurins processing. Tlie application of sir^gle width character fonts provides = h-Shor cooe 

5 density simpler writing methods plus easier reading because the reading systcri. only has to recogmze the 
present or absence of a bar. wittiout having to discern the bar's width or the width ratio between bars As 
aoDlied to silicon wafers, the bar widths are typically between about 0.10 mm and 0.05 mm Tor pre-polish 
mark and postijolish mark siting methods respeaively with code densities from 12 to 6 characters per 
an Higher densities ar* possible be writing narrower bars which are read by higher resolution •'eaders. In 

10 one embodiment of the present invention, bars having a vridth of 100 tim are eiriptoyed. Such bars are 
disposed at a 250 um center to center apadng leaving a minimum width between adjacent bars of 150 um. 
For these dimensions, the bar width Is 100 um and the space width Is 150 urn. 

The marks are preferably written into the semiconductor substrate by ndeans of a switchsdJ^d.YAG 
laser operating in dot matrix mode. High quality bars are produced on sincon wafers with non-ovsrtapping 

ts dots. Etehing plus chemical and mechanical polishing operations transfom* the marks into more continuous 

''"^ As Indicated above, it is Wghly desirable for the bar code indicia of the present invention to be able to 
withstand the hareh environments of VLSI processing methodologies. Temporary proems 0^«aVfC8n 
StrS part of the bar code and*r .^uce the contrast ratio thus producing difficult bar code reeding 
situations Rg s 3A and 3B dearly indicate that the codes of the present system, when wntten on siDcon 
semlcondJctDr material, are capable of surviving exposure to both acldfc and alkaTme cho^'Wls. 

Next is considered a system which is capable of reeding such marks placed on » ^^O' 
substrate. In particular, attention is directed 10 Fig. 4A wherein it is seen that light soun» and r^clton 
sensor 10 is capable of directing a source of ligW, preferably laser light on to the sJbsttate of wafer m 
CTgi^t rSlS^tiom wafer 18 Is received by the sensor in iundtional blodc 10 ^ 
electrical signal such as that shown in Rg- 4B. This signal is amplified by means of amphfier 12 and sent to 
both peak detector 14 and comparator 16 which produces the desired binary ^"»"'j;»^'-=^^ '"'J-'^^,^^ ^ 
ttTcS^wlenatad string of characters appearing on wafer 18 in the form of a bar code such as BC412 or 

^^pfam the above, it should be appredated that the bar code system of the present Invention is ftilly 
capabteof satisfying the objects set out herein, in pa-tJcular. it is seen that the present invenbon provid^ 
Stewidth bar^ systems exhibiting inherent self clocking characterislfcs. firthemiore, it fe s^n that 
*e fodes^eS, provider the full range of repmsentation for the alphanumeric ^^-^ '^^^.t*^?^ 
rt ^ seen that the preferred code herein e;*ibits a minimum value for the maximum number of spaces 
ociJfng ^8^« £ It is further noted that while the codes described ^P«^«.t"y 
Sent timSn,b^ence arising out of the leading code bars, that it is also possible to produce codes 
;SeStfS SSence of HmtngTmaria occurs either in the middle of the code or a t,a.l.<^ sequence. 
hSS of fte^nSangements are possible while still keeping within the splrrt of the present invention 
SSonair^lT/SJerSn here^as been described specifically with ^l^^.'^'.^^^J, 
s^mTcondSStor wafer* and/or chips, it should be noted that the system ^^J^l^J^^^ 
acSicable in whatever systems employ bar codes generally. More paittcularty. as used harem and In the 
^-^^ ^ "-bstrats- IS not limited to semiconductor -"^^^t; mSSTSelfK 
such as an adhesively backed label, wood, metal, plastic, compositive or other matenai capabte of b&r^ 
mSeT<rof receiving maridng indteia on a portion of Its surface The marWng may be P^^^V^ ^ 
45 by altering surface properties or other physical properties of the material. Including but not limited to 

there^ mcSSlonl and changes therein may be effected by those sWIled in the art /^Jd-ng^ ■ 
JslSdedby the appended claims to cover all such modHications and changes as fan wlthm the true sp.nt 
SO and scope of the invention. 
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Qlaimis 



1 A method for marking a substrate vrrth a bar code, said method c mprislng the step of: 
nrnJdiJa a s^^^ width marics at aalectively spaced inte^ls ^h of said marks 

^^^my^^l^^ Width, with blank intervals between ^d marks, eaid Wank Intervals hav.ng a ^ 
S.?H1u^S^S eciual t an integral r^ultlple of a second width, .aid s^u nc of marks ateo ba.ng 
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each of said marks having sub^tenWiy tf» same wrtm. ^.^ gg,^, geqw^ce 

r^n^L having a v«dth t?!' SSf S a subs^uonce of marte ^loh « 
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CODE 6C412 
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FIG,2A 

VARIOUS SINGLE WIDTH BAR CODES 



CHARACTER BC4 1 2 BC3 1 3 

0 i-i-i-i i-i-i 

1 I-I-I— I I-I— I 

2 I-I-I 1 I-I 1 

3 . I-I^I 1— l-I 1 

q , I-I-I 1- I-I 1 

5 I-I— I-I I-I 1— 

6 I-I— I — I I-I 1— 

7 I-I— I 1~ I-I 1- 

8 I-I— I 1- I — I-I 

9 I-I I-I i__i — I 

A I-I — I — I— I — I 1 

Q ' I^I,„_1— _I_ I— I 1 

Q l^l I-I— I — I 1 

D I-I 1— I- I— I 1 — 

E I-l I-I- I — 1 1- 

F I— I-I-I I I-I 

G I— I-I— I I I—I 

H I— I-I— I— I 1 1 

1 I— I-I 1- I 1 1 

J I — I— I-I I 1 1~ 

K 1 — I — I— I— I 1 1- 

L I— I— I 1- I I-I 

M I — I— I-I— Ir — I— I 

N 1 — I I—I- I 1 1 

0 I 1 1— 

p I — 1 I-I- I 1 1- 

Q I — '-I-I-I I""-— -I-I 

R I I-I — I— I 1 — 1 

5 I I-I 1- I 1 1— 

J I 1 — I-I— I 1 1- 

^J I — I— I— I- I I-I — 

V I — I — I-I- I 1— I— 

W I I-I-I— I 1 — I- 

X I I-I— I- I I-I — 

Y I 1— -I-I- I 1 — I- 

2 I I-I-I- I I-I- 
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FIG.2B 



'VARIOUS SINGLE WIDTH BAR CODES 



CHARACTER 
O 
1 

2 
3 

5 
6 
7 
S 
9 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
O 
P 
Q 
R 
S 
T 
U 
V 

w 

X 
Y 

z 



ec4i 1 

[-I-I-I — 
t-i-i~i— ' 
['i-i — 1-- 
[-I-I 1- 

[-1— I— I— 
— I- 
[-1 — i-i— 
[-1 — 1— I- 

[-1 i-i- 

:— i-i-i — 
[—1-1—1— 
[—1-1 — I- 
[—1—1-1— 
[—1—1 — I- 
[—1—1-1- 
[ — i-i-i— 
[ — 

[— I— i-i- 

[ I-I-I- 

•i-i-i-i — 
■I-I-I— I— 
'I'l-i — I' 
■i-i— i-i— 

•i-i— I— I- 
•i-i — i-i- 
■I— I-I-I— 
■I— i-i— I- 
'I— I— i-i- 
•I— i-i-i- 
-i-i-i-i— 
-i-i-i— i- 
-i-i— i-i- 
-I— i-i-i- 
— i-i-i-i- 



BBC31 
1- 

— I— 

-—I 

--I-I- 
'— I-I- 

l 

■I 

■I — I- 
•I 1- 

•I-I 

I-I— 
•I-I-I- 
•I-I-I- 



1- 

1- 

— I — 

— I — 



— I-I- 

--I-I- 
.1 

•I 1- 

-I — I- 



l-I-- 
•I-I— • 
■I-I-I- 
•I-I-I- 



BC31 1 
I 



1 — 

1_. 

1- 

—I 



1 — 

1- 

I-I 

I— I — 



-I 1- 

-I-I— 
-I— I- 

-I 1- 

— I-I-. 

— I— I- 
I-I- 

I — 
[— I — 

[ 1- 

[ 1- 

-I-I — 
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